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Background: We report our clinical experience with a approach for aortic valve replacement (AVR) via minimal access
skin incision and complete median sternotomy. This approach was used in patients with higher age and multiple co-
morbidities, facilitating an easy access with short bypass and cross clamp times. It was especially performed in patients
asking for an excellent cosmetic result, who did not qualifying for minimally-invasive AVR via partial upper sternotomy.
Methods: AVR via minimal-access median sternotomy, was performed in 58 patients between 01/2009 and 11/2011.
Intra- and postoperative data including cross clamp time, cardiopulmonary bypass time, mortality, stroke, pacemaker
implantation, re-operation for bleeding, ventilation time, ICU and hospital stay, wound infection, sternal dehiscence or
fracture and 30 day mortality were collected.
Results: Mean patients age was 76.1 +/−9.4 years, 72% were female. Minimal-access AVR could be performed with a
mean length of midline skin incision of 7.8 cm. Aortic cross-clamping time was 54.6 +/−6.3 min, cardiopulmonary
bypass time 71.2+/−11.3 min and time of surgery 154.1 +/−26.8 min. Re-operation for bleeding had to be performed in
1 case (1.7%). There were no strokes or pacemaker implantations needed. Mean ventilation time was 4.5 h, ICU stay was
2 days and mean length of hospital stay was 6 days. 6 months follow up showed mortality of 0% and no sternal
dehiscence or wound infection was observed.
Conclusion: Minimal-access AVR via complete median sternotomy can be performed safely,in this elderly patient
cohort without adding additional operative risk compared to conventional AVR. By avoidiance of large skin incisions
this approach combines excellent cosmetic results with fast surgery time and excellent postoperative recovery.
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Conventional aortic valve replacement (AVR) via complete
median sternotomy is a safe and feasible procedure with
low risk for patients providing excellent long-term
outcome [1-3]. Over the last two decades, different
minimally-invasive approaches for AVR have been devel-
oped and are increasingly being utilized. There are differ-
ent approaches described, such as partial upper
hemisternotomy, right parasternal thoracotomy or trans-
verse sternotomy [4]. All these approaches have the aim of
decreased invasiveness and less surgical trauma. Advan-
tages of minimal invasive AVR have been shown as less
postoperative pain, shorter ICU and hospital stays, shorter
ventilation time, decreased blood loss and better cosmetic* Correspondence: y.alassar@uke.de
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reproduction in any medium, provided the orresults with mortality and morbidity comparable to con-
ventional sternotomy [1-4].
In patients with multiple co-morbidities minimally-
invasive approaches may increase the overall operative risk,
because longer cross clamp-, bypass- and surgery times
compared to conventional AVR have been described.
Because these patients may still ask for surgery with favor-
able cosmetic outcome, we offer minimal-access AVR
which combines a limited skin incision (mean 7.8 cm, range
7.0-8.5 cm) with the surgical advantages and the safety
(clear arrangement and easy access to the operation field,
shorter operation time) of full sternotomy. We here report
our cumulative experience with this modified approach.Methods
Between 01/2009 and 11/2011, minimal-access AVR
through a full sternotomy was performed in 58 patients.Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
Table 1 Patient characteristics
Patients n = 58
Age (years) 76.1 ± 9.4
Gender (female/male) 42/16
Height (cm) 168 ± 6.8
Weight (kg) 73 ± 4.5
Body mass index 26 ± 3.4
Hypertension (n) 46
Diabetes (n) 23
Renal insuffiency (n) 16
COPD (n) 19
Cerebrovascular disease (n) 6
Peripheral vascular disease (n) 15
Coronary artery disease (n) 19
Previous MI (n) 7
Ejection fraction (%) 48.6 ± 9.3
Aortic stenosis (n) 53
Aortic insufficiency (n) 12
Combined vitium (n) 7
Endocarditis (n) 5
STS-PROM (%) 5.71
COPD Chronic obstructive pulmonary disease; MI Myocardial Infarction;
STS-PROM Society of Thoracic Surgeons Predicted Risk of Mortality.
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male. Mean Society of Thoracic Surgeons Predicted Risk
of Mortality (STS-PROM) was 5.71%. Patient characteris-
tics are shown in Table 1. A retrospective single-center
data analysis was performed. Intra- and postoperative data
were collected. Three months follow up including echo-
cardiography and examination of the sternal stability by
inspection and palpation was performed in our depart-
ment in all patients.
Surgical technique
A midline skin incision is started approximately 5 cm
below the jugulum and extended to a maximum of 8.5 cm
Figure 1a. The soft tissue over the body- and manubriumFigure 1 Position of the scar. (a) Scar (black arrows) position approximat
aorta and adaptation of the sternum with standard steel wires.sterni is undermined to expose the xiphoid process and the
suprasternal notch. A complete median sternotomy is
performed using a pendulum saw Figure 2a, b. A retractor
is inserted and the pericardium is opened through a verti-
cal incision followed by traction sutures to expose the
ascending aorta and the right atrial appendage. Two purse-
string sutures are placed in the distal ascending aorta,
another on the right atrial appendage. Aortic cannulation
is performed using a 22 F (French). arterial cannula. For
venous cannulation a 29/37 F. two-stage venous cannula is
utilized. Aortic vent is placed on the ascending aorta, LV-
Vent is inserted via right pulmonary vein Figure 2c, d. Car-
diopulmonary bypass is started with mild systemic
hypothermia (32°C) and cardiac arrest is induced by
antegrade cold crystalloid cardioplegia (Custodiol® HTK).
After aortic cross clamping standard transverse aortotomy
is conducted Figure 2e. Then aortic valve replacement is
performed as it would be in case of a standard median
sternotomy with conventional skin incision. At the end of
the procedure the sternum is closed with 6 to 8 steel wires
depending on the length of the sternum. Soft tissue is
closed with absorbable suture Figure 2f.
Statistical analysis
All statistical analysis was performed by JMP 9 Software
(SAS Institute Inc, Cary, USA). Continuous values are
expressed as mean ± standard deviation and categorical
variables are displayed as percentages.
Results
Intra- and postoperative data are shown in Tables 2 and 3.
AVR could be performed successfully in all patients with a
mean length of midline skin incision of 7.8 cm (range 7.0-
8.5 cm). Mean BMI was 26.0 (range 20.0-32), but this
approach could also be used successfully in five patients
with BMI > 30. Aortic cross-clamping time was 54.6 +/−6.3
min, cardiopulmonary bypass time 71.2+/−11.3 min and
time of surgery 154.1 +/−26.8 min. In 57 patients a
bioprosthesis was used, one patient received a mechanical
valve. Also implantation of stentless valves could be
performed successfully via this access (n = 8). Mean size ofely 5 cm below jugulum (red arrows). (b) chest x-ray showing sclerotic
Figure 2 Intraoperative situs. (a) Limited skin incision is placed approximately 5 cm below jugulum. (b) A complete median sternotomy is
performed using a pendulum saw. (c) Excellent access to the right atrial appendage and aortic root. (d) Clear arrangement and easy access to the
operation field facilitates fast and save cannulation. (e) Aortic cross clamping and standard transverse aortotomy is conducted for AVR. (f)
Intracutaneous suture of 7.5 cm.
Table 3 Postoperative data
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could be weaned from cardiopulmonary bypass without the
need for postoperative mechanical circulatory support. One
patient had to be re-operated for bleeding from the
aortotomy site. This could be conducted without expansion
of the skin incision. Mean ventilation time was 274 ± 143
min, mean ICU stay 1.9 ± 0.9 days and mean length of
hospital stay was 6.0 ± 1.2 days. Intra- and postoperative
Echocardiography showed good results in all patients. In
five cases a minimal paravalvular leckage was ascertained,
in all other patients prosthetic function was without insuffi-
ciency. Mean Gradient was 17/8 mmHg (max/mean). No
reoperation due to prosthetic endocarditis or paravalvular
leakage had to be done during early follow up. 30 day mor-
tality was 0% and no stroke occurred. No pacemaker im-
plantation was needed and no sternal dehiscence or wound
infection occurred within 6 months follow up.
Discussion
Over the last two decades several minimally invasive
approaches to aortic valve surgery, such as partial upperTable 2 Intraoperative data
Patients n = 58
Aortic cross clamp time (min) 54.6 ± 6.3
CBP time (min) 71.2 ± 11.3
Time of surgery (min) 154.1 ± 26.8
Stented bioprosthesis (n) 49
Stentless bioprosthesis (n) 8
Mechanical prosthesis (n) 1
Mean valve size (mm) 23hemisternotomy, right parasternal thoracotomy or trans-
verse sternotomy have been increasingly used. In the ma-
jority of cases reported in literature the partial upper
sternotomy has been utilized, showing some benefits of
this minimally invasive approach compared to conven-
tional sternotomy. The advantages have been shown as
decreased blood loss, less postoperative pain, shorter
length of hospital- and ICU stay, decreased ventilation
time and better cosmetic results with comparable results
regarding morbidity and mortality [5-8]. However in ran-
domized controlled trials as well as meta-analysis by
Murtuza et al. for mortality no statistically significant dif-
ferences has been seen between patients receiving
conventional- or minimally invasive AVR [2,7-9].
In our Institution, the partial upper hemisternotomy is
the access of choice for minimally-invasive AVR and can
be performed safely and feasible. However, there are
some patients not qualifying for this approach due to
different reasons. One group are older patients withPatients n = 58
Mechanical ventilation time (min) 274 ± 143
ICU stay (d) 1.9 ± 0.9
Hospital stay (d) 6.0 ± 1.2
Reoperation for bleeding (n) 1
Pacemaker implantation (n) 0
30 day mortality (n) 0
Sternal wound infection (n) 0
Prosthetic valve endocarditis (n) 0
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time. Most of the studies concerning minimally invasive
AVR have reported longer cross clamp and cardiopul-
monary bypass time as well as longer time of surgery
compared to conventional AVR [4,6,10,11]. The median
sternotomy facilitates symmetric retraction of the ster-
num, resulting in clear arrangement and easy access to
the operation field. This is particularly important in
patients with sclerotic Aorta (Figure 1b) where cannula-
tion, cross-clamping and suturing of the aortotomy can
be technically difficult. Furthermore implantation of
stentless valves can be performed without problems. In
our group of patients the new access by limited skin
incision and full median sternotomy provided fast cross-
clamp, cardiopulmonary bypass and surgery time, almost
comparable to results published for conventional AVR
without limited skin incision [6,9,12]. This is certainly
enabled by the clear arrangement of the operation field
after median sternotomy which allows easy access to the
operation site. So these patients can probably benefit
from the fast procedure time without giving up the ex-
cellent cosmetic result.
Especially in women, the cosmetic result of the oper-
ation is often very important. The skin incision with our
approach is with mean length of 7.8 cm comparable to
minimally invasive AVR by partial upper hemisternotomy
and the shortest skin incision reported for complete
sternotomy in literature [1,3,5,6]. The advantage of our ac-
cess compared to a minimally invasive approach by partial
upper sternotomy is the position of the scar. The begin-
ning of our incision is lower (approximately 5 cm below
the jugulum) which means that the upper part of the scar
is covered by clothes, which can be important especially in
women (Figure 1a).
In minimally invasive approaches without complete
sternotomy a better chest wall stability compared to con-
ventional AVR is reported [2,13]. This advantage cannot
be reached with our approach, although no case of sternal
dehiscence has been seen in our patients. Particularly in
patients with multiple co-morbidities an intraoperative
conversion to conventional approach can be necessary
due to bleeding or technical difficulties. With our access
this conversion is very easy and only needs an expansion
of the skin incision which can be performed faster com-
pared to other minimally invasive approaches where an ex-
pansion of the sternotomy needs to be done. In these cases
with partial upper- and complete sternotomy this complex
sternal fracture can be difficult to stabilize and is probably
associated with higher potential for sternal dehiscence.
In patients with minimal invasive AVR via partial upper
sternotomy, due to limited space, sometimes, venous can-
nulation via vena femoralis can be needed. Here the risk
of groin complications is given [10]. This can be avoided
by our approach due to the possibility of venouscannulation via right atrium in all cases based on excellent
access to the right atrial appendage (Figure 2c).
In our cohort of patients 6-months follow up showed
mortality of 0%, there was no need for permanent pace-
maker implantation, no sternal wound infection and no
stroke occurred. One revision due to bleeding had to be
done. This could be performed without expansion of the
skin incision. These results are very pleasant but regarding
the examined number of patients comparable to other
studies of minimally invasive AVR reported in literature
[12,13].
Conclusion
In this group of patients AVR by minimal-access and
complete median sternotomy can be performed safely,
combining excellent cosmetic results with short time of
surgery and postoperative recovery.
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